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(54) A coated superalloy article and a method of coating a superalloy article 



(57) A high rhenium-containing nickel superalloy ar- 
ticle (10) has a multilayer coating (1 2) comprising a bar- 
rier coating (14) and an aluminide coating (1 6). The alu- 
minide coating (16) is a corrosion and oxidation protec- 
tive coating for the superalloy article (10). The barrier 
coating (14) comprises an alloy with a similar composi- 
tion to the high rhenium-containing nickel superalloy ar- 
ticle (1 0) but with less rhenium. The barrier coating (1 4) 



minimises diffusion of elements between the aluminide 
coating (16) and the superalloy article (10) to minimise 
the formation of topologically close packed phases at 
the interface between the superalloy article (1 0) and the 
multilayer coating (12). The barrier coating (12) prefer- 
ably has some rhenium to minimise diffusion of rhenium 
from the superalloy article (10) to the barrier coating 
(14). 
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Description 



[0001] The present invention relates to coated super- 
alloy articles and to methods of coating superalloy arti- 
cles, particularly rhenium-containing nickel and cobalt 5 
superalloy turbine blades or turbine vanes. 
[0002] It is known to produce aluminide-silicide pro- 
tective coatings on superalloy turbine blades or turbine 
vanes to extend the service lives of the turbine blades 
or turbine vanes. J0 
[0003] It is known to produce aluminide-silicide coat- 
ings on a superalloy article by depositing a silicon filled 
organic slurry on the superalloy article and then pack 
aluminising as described in US4310574. The aluminium 
carries the silicon from the slurry with it as it diffuses into is 
the superalloy article. Another method of producing alu- 
minide-silicide coatings is by depositing a slurry contain- 
ing elemental aluminium and silicon metal powders on 
a superalloy article and then heating to above 760°C to 
melt the aluminium and silicon in the slurry, such that so 
they react with the superalloy and diffuse into the super- 
alloy article as described in US3248251 . A further meth- 
od of producing aluminide-silicide coatings is by repeat- 
edly applying the aluminium and silicon containing slurry 
and heat treating as described in US5547770. Another ss 
method of producing aluminide-silicide coatings is by 
applying a slurry of an eutectic aluminium-silicon or a 
sluny of elemental aluminium and silicon metal powders 
on a superalloy article and diffusion heat treating to form 
a surface layer of increased thickness and reduced sil- 30 
icon content, and a layering layer which comprises al- 
ternate interleaved layers of aluminide and silicide phas- 
es and a diffusion interface layer as described in pub- 
lished European patent application No. EP0619856A. 
[0004] It is also known to produce platinum aluminide- 3s 
sihcide coatings on a superalloy article by coating the 
superalloy article with platinum, then heat treating to dif- 
fuse the platinum into the superalloy article and then si- 
multaneously diffusing aluminium and silicon from the 
molten state into the platinum enriched superalloy arti- 40 
cle as described in published International patent appli- 
cation No. W095/23243A. Another method of producing 
platinum aluminide-silicide coatings on a superalloy ar- 
ticle is by coating the superalloy article with platinum 
then heat treating to diffuse the platinum into the super- 45 
alloy article, applying a silicon layer and then aluminis- 
ing as described in published European patent applica- 
tion No. EP0654542A. It is also possible to dtffuse the 
silicon into the superalloy article with the platinum as 
described in EP0654542A. A further method of produc- so 
mg platinum aluminide-silicide coatings on a superalloy 
article is by electrophoretically depositing platinum-sili- 
con powder onto the superalloy article, heat treating to 
diffuse the platinum and silicon into the superalloy arti- 
cle, then electrophoretically depositing aluminium and ss 
chromium powder onto the superalloy article and then 
heat treating to diffuse the aluminium and chromium into 
the superalloy article as described in US5057196. 



[000S] It is also known^^duce aluminide coatings 
on a superalloy article byflack aluminising, out of con- 
tact vapour phase aluminising or slurry aluminising It is 
also known to produce platinum aluminide coatings by 
depositing platinum onto the superalloy article and then 
pack aluminising, out of contact vapour phase aluminis- 
ing or slurry aluminising. 

[0006] It has been found that if aluminide, platinum 
aluminide, aluminide-silicide or platinum aluminide-sili- 
cide coatings are produced on high rhenium-containing 
superalloys, those containing more than 4wt% rhenium 
that topologically close packed phases (TCP phases) 
are formed within the superalloy substrate. These TCP 
phases are needle-like rhenium and tungsten rich phas- 
es which extend into the substrate. These TCP phases 
are undesirable because they reduce the useful load 
bearing area of the superalloy substrate. Also cracking 
may occur at the interface between the superalloy sub- 
strate and the TCP phase leading to decohesion of the 
aluminide, platinum aluminide, aluminide-silicide or 

platinum aluminide-silicide coating. Thus the application 
of these different aluminide coatings onto a high rhe- 
nium- containing superalloy article is not practical be- 
cause these TCP phases increase the stress within the 
high rhenium-containing superalloy substrate leading to 
premature failure of the high rhenium-containing super- 
alloy article. 

[0007] It is further known to deposit MCrAlY or chro- 
mium coatings on superalloy turbine blades or turbine 
vanes to extend the service lives of the turbine blades 
or turbine vanes. The MCrAlY is generally deposited by 
plasma spraying or physical vapour deposition, followed 
by heat treating. The M is at least one of Ni, Co or Fe 
The chromium coating is generally deposited by pack 
or vapour chromising. 

[0008] It has been found that if a MCrAlY, or chromi- 
um, coating is produced on high rhenium-containing su- 
peralloys, those containing more than 4wt% rhenium 
that topologically close packed phases (TCP phases) 
are formed within the superalloy substrate. 
[0009] The invention therefore seeks to provide a pro- 
tective coating on a high rhenium-containing superalloy 
article with reduced formation, preferably no formation 
of the TCP phases. 

[0010] Accordingly the present invention provides a 
method of coaling a high rhenium-containing superalloy 
article, the superalloy article comprising more than 
4wt% rhenium, comprising the steps of:- 

depositing a protective coating on the high rhe- 
nium-containing superalloy article, characterised by ap- 
plying a barrier coating on the high rhenium-containing 
superalloy article before depositing the protective coat- 
ing on the high rhenium-containing superalloy article, 
the barrier coating comprising an alloy having a lower 
rhenium content than the high rhenium-containing su- 
peralloy article to reduce the formation of TCP phases 
in the high rhenium-containing superalloy article. 
[0011] The depositing of the protective coating may 
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comprise depositing an alu^^^ coating or a MCrAlY 
coating. 

[0012] The depositing of the protective coating may 
comprise depositing an aluminide-silicide coating, a 
platinum aluminide-silicide coating or a platinum alumi- s 
nide coating. 

[0013] The depositing of the protective coating may 
comprise simultaneously diffusing aluminium and sili- 
con from the molten state into the barrier coating on the 
high rhenium-containing superalloy article.. 10 
[0014] The depositing of the protective coating may 
comprise depositing silicon and then depositing alumin- 
ium and diffusing the aluminium and silicon into the bar- 
rier coating on the high rhenium-containing superalloy 
article. is 
[0015] The depositing, of the protective coating may 
comprise depositing platinum onto the barrier coating ' 
on the high rhenium-containing superalloy article, heat 
treating to diffuse the platinum into the barrier coating, 
simultaneously diffusing aluminium and silicon from the 20 
molten state into the barrier coating on the high rhenium- 
containing superalloy article. 

[0016] The depositing of the protective coating may 
comprise depositing platinum onto the barrier coating 
on the high rhenium-containing superalloy article, heat 25 
treating to diffuse the platinum into the barrier coating, 
diffusing aluminium into the barrier coating on the high 
rhenium-containing superalloy article. 
[0017] The platinum may be deposited by electroplat- 
ing. The platinum may be heat treated at a temperature 30 
greater than 1000°C, preferably the platinum is heat 
treated at a temperature of 1120°C for 1 to 2 hours to 
diffuse the platinum. The platinum may be deposited to 
a thickness between 5 and 15 microns. 
[001 8] The aluminising may be at a temperature in the 35 
range 850°C to 950°C. The aluminium and silicon may 
be diffused into the barrier coating at a temperature in 
the range 750°C to 1120°C. 

[001 9] The depositing of the barrier coating may com- 
prise depositing an alloy having a similar composition to 40 
the superalloy article. 

[0020] The depositing of the barrier coating may com- 
prise depositing an alloy comprising less than 4wt% rhe- 
nium. The alloy may comprise 9.3 to 10.0wt% Co, 

6.4- 6.8wt% Cr, 0.5-0.7wt% Mo, 6.2-6.6wt% W, 45 
6.3-6.7wt% Ta, 5.45-5.75wt% Al, 0.8-1 .2wt% Ti, 
0.07-0. 12wt% Hf, 2.8-3.2wt% Re and balance Ni. The 
alloy may comprise 10wt% Co, 9wt% Cr, 10wt% W, 
2.5wt% Ta, 5.5wt% Al, 1.5wt% Ti, 1.5wt% Hf, 0.15wt% 

C and balance Ni. so 
[0021] The superalloy substrate may comprise 

1.5- 9.0wt% Co, 1.8-4.0wt% Cr,0. 25-2.0 wt% Mo, 
3.5-7.5wt% W, 7.0-1 0.0wt% Ta, 5.0-7.0wt% Al, 
0.1-1 .2wt% Ti, 0-0.1 5wt% Hf, 5.0-7.0wt% Re, 0-0.5wt% 
Nb, 0-0.04 C and balance Ni. S5 
[0022] The present invention also provides a coated 
high rhenium-containing superalloy article, the superal- 
loy article comprising more than 4wt% rhenium, a pro- 



tective coating on t^H^h rhenium-containing superal- 
loy article, characterised by a barrier coating between 
the protective coating and the high rhenium-containing 
superalloy article, the barrier coating comprising an al- 
loy having a lower rhenium content than the high rhe- 
nium-containing superalloy article to reduce the forma- 
tion of TCP phases in the high rhenium-containing su- 
peralloy article. 

[0023] The protective coating may comprise an alu- 
minide coating or a MCrAlY coating. 
[0024] The protective coating may comprise an alu- 
minide-silicide coating, a platinum aluminide-silicide 
coating or a platinum aluminide coating. 
[0025] Preferably the barrier coating comprises an al- 
loy having a similar composition to the superalloy article. 
[0026] The barrier coating may comprise an alloy hav- 
ing less than 4wt% rhenium. The alloy may comprise 
9.3 to 10.0wt% Co, 6.4-6.8wt% Cr, 0.5-0.7wt% Mo, 
6.2-6.6wt% W, 6.3-6.7wt% Ta, 5.45-5.75wt% Al, 
0.8-1 .2wt% Ti, 0.07-0.12wt% Hf, 2.8-3.2wt% Re and 
balance Ni. The alloy may comprise 10wt% Co, 9wt% 
Cr, 10wt% W, 2.5wt% Ta, 5.5wt% Al, 1 .5wt% Ti, 1 .5wt% 
Hf, 0.15wt% C and balance Ni. 
[0027] The superalloy substrate may comprise 
1.5-9.0wt% Co, 1.8-4.0wt% Cr,0.25-2.0wt% Mo, 
3.5-7.5wt% W, 7.0-1 0.0wt% Ta, 5.0-7.0wt% Al, 
0.1-1 .2wt% Ti, 0-0.15wt% Hf, 5.0-7.0wt% Re, 0-0.5wt% 
Nb, 0-0.04 C and balance Ni. 

[0028] The high rhenium-containing superalloy article 
may be a nickel based superalloy article or a cobalt 
based superalloy article. 

[0029] The high rhenium-containing superalloy article 
may be a single crystal superalloy article. 
[0030] The high rhenium-containing superalloy article 
may be a turbine blade or a turbine vane. 
[0031] The present invention will be more fully de- 
scribed by way of example with reference to the accom- 
panying drawings, in which:- 

[0032] Figure 1 is a cross-sectional view through a 
coated superalloy article according to the present inven- 
tion. 

[0033] Figure2isacross-sectionalviewthroughafur- 
ther coated superalloy article according to the present 
invention. 

[0034] Figure 3 is a cross-sectional view through an- 
other coated superalloy article according to the present 
invention. 

[0035] Figure 4 is a cross-sectional view through an 
additional coated superalloy article according to the 
present invention. 

[0036] Figure 5 is a cross-sectional view through a fur- 
ther coated superalloy article according to the present 
invention. 

[0037] A high rhenium-containing nickel superalloy 
article 10, for example a gas turbine engine turbine 
blade or turbine vane, has a multilayer coating 12 as 
shown in figure 1. The multilayer coating 12 comprises 
a barrier coating 1 4 on the high rhenium-containing nick- 



el superalloy article 10 and an al Ae coating 16 on 
the barrier coating 14. The barriering 14 comprises 
an alloy having a similar composition to the high rhe- 
nium- containing superalloy article 10. However the al- 
loy of the barrier coating 1 4 has a lower rhenium content 
than the high rhenium-containing superalloy article 10 
The aluminide coating 16 comprises a nickel aluminide 
[0038] It is believed that the provision of a barrier coat- 
ing 1 4 having a similar composition to the high rhenium- 
containing superalloy article 10 between the high rhe- 
nium-containing superalloy article 10 and the aluminide 
coating 16 reduces the diffusion of elements between 
the aluminide coating 16 and the high rhenium- contain- 
ing superalloy article 10. The barrier coating 14 and the 
high rhenium-containing superalloy article 10 have sim- 
ilar compositions, therefore there will be very little diffu- 
sion of elements between the two, particularly rhenium 
from the high rhenium-containing superalloy article 10 
to the barrier coating 16. The barrier coating 14 has a 
lower content of rhenium and does not form TCP phases 
with the aluminide coating 16. The barrier coating 14 
therefore minimises the formation of TCP phases in the 
high rhenium-containing superalloy article 10. 
[0039] The barrier coating 1 4 is deposited on the high 
rhenium-containing superalloy article 10 by argon 
shrouded plasma spraying or by air plasma spraying 
The barrier coating 14 is deposited to a thickness of 
about 1 25 micrometers. The aluminide coating 1 6 is pro- 
duced on the barrier coating 1 4 by pack aluminising, out 
of contact vapour phase aluminising or by slurry alu- 
minising. The aluminising process involves a heat treat- 
ment at a temperature in the range 750°C to 1200°C 
preferably 800'C to 950»C. The aluminium diffuses into 
the barrier coating 14 to a depth of about 75micrometers 
to form the aluminide coating 16. Thus there remains a 
barrier coating 14 of thickness about 50 microns. 
[0040] Another high rhenium-containing nickel super- 
alloy article 20, for example a gas turbine engine turbine 
blade or turbine vane, has a multilayer coating 22 as 
shown in figure 2. The multilayer coating 22 comprises 
a barrier coating 24 on the high rhenium-containing nick- 
el superalloy article 20 and a platinum aluminide coating 
26 on the barrier coating 24. The barrier coating 24 com- 
prises an alloy having a similar composition to the high 
rhenium-containing superalloy article 20. However, the 
alloy of the barrier coating 24 has a lower rhenium con- 
tent than the high rhenium-containing superalloy article 

[0041] it is believed that the provision of a barrier coat- 
ing 24 having a similar composition to the high rhenium- 
containing superalloy article 20 between the high rhe- 
nium-containing superalloy article 20 and the platinum 
aluminide coating 26 reduces the diffusion of elements 
between the platinum aluminide coating 26 and the high 
rhenium-containing superalloy article 20. The barrier 
coating 24 and the high rhenium-containing superalloy 
article 20 have similar compositions, therefore there will 
be very little diffusion of elements between the two par- 
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ticularly rhenium from H'A, rhenium-containing su- 
peralloy article 20 to the bfmer coating 26. The barrier 
coating 24 has a lower content of rhenium and does not 
form TCP phases with the aluminide coating 26 The 
barrier coating 24 therefore minimises the formation of 
TCP phases in the high rhenium-containing superallov 
article 20. y 

[0042] The barrier coating 24 is deposited on the high 
rhenium-containing superalloy article 20 by argon 
shrouded plasma spraying or by air plasma spraying 
The barrier coating 24 is deposited to a thickness of 
about 1 25 micrometers. The platinum aluminide coating 
26 is produced on the barrier coating 24 by depositing 
a platinum layer on the barrier coating 24 and then the 
platinum is heat treated to diffuse the platinum into the 
barrier coating 24. The platinum is deposited to a thick- 
ness of 5 to 15 micrometers by electroplating, physical 
vapour deposition or other suitable means, the plati- 

?^o' S h8at treated at a tem Perature greater than 
1000 C, for example 1 hour at 1120°C followed by gas 
fan quenching and ageing for 24 hours at 845°C The 
platinum is then aluminised by pack aluminising, out of 
contact vapour phase aluminising or by slurry aluminis- 
ing. The aluminising process involves a heat treatment 
at a temperature in the range 750°C to 1200°C prefer- 
ably 800°C to 950°C. The aluminium diffuses into the 
platinum in the barrier coating 24 to a depth of about 75 
micrometers to form the platinum aluminide coating 26 
Thus there remains a barrier coating 24 of thickness 
about 50 micrometers. 
[0043] Another high rhenium-containing nickel super- 
alloy article 30, for example a gas turbine engine turbine 
blade or turbine vane, has a multilayer coating 32 as 
shown in figure 3. The multilayer coating 32 comprises 
a barrier coating 34 on the high rhenium-containing nick- 
el superalloy article 30 and an aluminide-silicide coating 
36 on the barrier coating 34. The barrier coating 34 com- 
prises an alloy having a similar composition to the high 
rhenium-containing superalloy article 30. However the 
alloy of the barrier coating 34 has a lower rhenium con- 
tent than the high rhenium-containing superalloy article 

oU, 

[0044] It is believed that the provision of a barrier coat- 
ing 34 having a similar composition to the high rhenium- 
containing superalloy article 30 between the high rhe- 
nium-containing superalloy article 30 and the aluminide- 
siltcide coating 36 reduces the diffusion of elements be- 
tween the aluminide-silicide coating 36 and the high rhe- 
nium-containing superalloy article 30. The barrier coat- 
ing 34 and the high rhenium-containing superalloy arti- 
cle 30 have similar compositions, therefore there will be 
very little diffusion of elements between the two partic- 
ularly rhenium from the high rhenium-containing super- 
alloy article 30 to the barrier coating 34. The barrier coat- 
ing 34 has a lower content of rhenium and does not form 
TCP phases with the aluminide-silicide coating 36 The 
barrier coating 34 therefore minimises the formation of 
TCP phases in the high rhenium-containing superalloy 
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article 30. 

[0045] The barrier coating 3Tis deposited on the high 
rhenium-containing superalloy article 30 by argon 
shrouded plasma spraying or by air plasma spraying. 
The barrier coating 34 is deposited to a thickness ot 
about 125 micrometers. The aluminide-siiicide coating 
36 is produced on the barrier coating 34 by depositing 
aluminium and silicon onto the barrier coating 34 and 
heat treating to diffuse them into the barrier coating 34. 
The aluminium and silicon are deposited using a slurry 
comprising aluminium and silicon powders dispersed in 
a suitable binder and the slurry is cured to a solid matrix 
which holds the metal pigments in contact with the metal 
surface during the heat treatment. The aluminium and 
silicon are heat treated at a temperature in the range 
750°C to 850°C to simultaneously diffuse them from the 
molten state as described in US3248251 which is incor- 
porated herein by reference. The silicon may be depos- 
ited first by spraying a silicon filled slurry and then pack 
aluminising. The aluminium diffusing into the barrier 
coating 34 carries the silicon with it as described in 
US4310574 which is also incorporated herein by refer- 
ence. Other suitable methods of depositing and diffus- 
ing the aluminium and silicon into the barrier coating 34 
may be used. The aluminium and silicon diffuses into 
the barrier coating 34 to a depth of about 75 micrometers 
to form the aluminide-siiicide coating 36. Thus there re- 
mains a barrier coating 34 of thickness about 50 mi- 
crometers. 

[0046] It may be beneficial to repeat the deposition of 
the aluminium and silicon and the diffusion heat treat- 
ment steps to provide a plurality of bands rich in silicon 
and a plurality of bands rich in aluminium with the silicon 
rich bands and the aluminium rich bands arranged al- 
ternately through the depth of the aluminide-siiicide 
coating 36. This technique is described more fully in 
published International Patent application No. 
W093/23247. 

[0047] Another high rhenium-containing nickel super- 
alloy article 40, for example a gas turbine engine turbine 
blade or turbine vane, has a multilayer coating 42 as 
shown in figure 4. The multilayer coating 42 comprises 
a barrier coating 44 on the high rhenium-containing nick- 
el superalloy article 40 and a platinum aluminide-siiicide 
coating 46 on the barrier coating 44. The barrier coating 
44 comprises an alloy having a similar composition to 
the high rhenium-containing superalloy article 40. How- 
ever, the alloy of the barrier coating 44 has a lower rhe- 
nium content than the high rhenium-containing superal- 
loy article 40. 

[0048] It is believed that the provision of a barrier coat- 
ing 44 having a similar composition to the high rhenium- 
containing superalloy article 40 between the high rhe- 
nium-containing superalloy article 40 and the platinum 
aluminide-siiicide coating 46 reduces the diffusion of el- 
ements between the platinum aluminide-siiicide coating 
46 and the high rhenium-containing superalloy article 
40. The barrier coating 44 and the high rhenium-con- 



taining superalloy 40 have similar compositions, 
therefore there will oe very little diffusion of elements 
between the two, particularly rhenium from the high rhe- 
nium-containing superalloy article 40 to the barrier coat- 
5 ing 44. The barrier coating 44 has a lower content of 
rhenium and does not form TCP phases with the plati- 
num aluminide-siiicide coating 46. The barrier coating 
44 therefore minimises the formation of TCP phases in 
the high rhenium-containing superalloy article 40. 
10 [0049] The barrier coating 44 is deposited on the high 
rhenium-containing superalloy article 40 by argon 
shrouded plasma spraying or by air plasma spraying. 
The barrier coating 44 is deposited to a thickness of 
about 125 micrometers. 
15 [0050] The platinum aluminide-siiicide coating 46 is 
produced on the barrier coating 44 by firstly depositing 
a platinum layer on the barrier coating 44 and then the 
platinum is heat treated to diffuse the platinum into the 
barrier coating 44. The platinum is deposited to a thick- 
20 ness of 5 to 15 micrometers by electroplating, physical 
vapour deposition or other suitable means. The plati- 
num is heat treated at a temperature greater than 
1000°C, for example 1 hour at 1120°C followed by gas 
fan quenching and ageing for 24 hours at 845°C. 
25 [0051] Then aluminium and silicon are deposited onto 
the platinum in the barrier coating 44 and there is a heat 
treatment to diffuse them into the platinum in the barrier 
coating 44. The aluminium and silicon are deposited us- 
ing a slurry comprising aluminium and silicon powders 
30 dispersed in a suitable binder and the slurry is cured to 
a solid matrix which holds the metal pigments in contact 
with the metal surface during the heat treatment. The 
aluminium and silicon are heat treated at a temperature 
in the range 750°C to 850°C to simultaneously diffuse 
35 them from the molten state as described in US3248251 
which is incorporated herein by reference. The silicon 
may be deposited first by spraying a silicon filled slurry 
and then pack aluminising. The aluminium diffusing into 
the platinum in the barrier coating 44 carries the silicon 
40 with it as described in US4310574 which is also incor- 
porated herein by reference. Other suitable methods of 
depositing and diffusing the aluminium and silicon into 
the platinum in the barrier coating 44 may be used. The 
platinum, aluminium and silicon diffuses into the barrier 
45 coating 44 to a depth of about 75 micrometers to form 
the platinum aluminide-siiicide coating 46. Thus there 
remains a barrier coating 44 of thickness about 50 mi- 
crometers. 

[0052] It may be beneficial to repeat the deposition of 
50 the aluminium and silicon and the diffusion heat treat- 
ment steps to provide a plurality of bands rich in silicon 
and a plurality of bands rich in aluminium with the silicon 
rich bands and the aluminium rich bands arranged al- 
ternately through the depth of the aluminide-siiicide 
55 coating 36. This technique is described more fully in 
published International Patent application No. 
' W093/23247. 

[0053] A further high rhenium-containing nickel su- 
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peralloy article 50, for example a ^Hbine engine tur- 
bine blade or turbine vane, has anTOlayer coating 52 
as shown in figure 5. The multilayer coating 52 compris- 
es a barrier coating 54 on the high rhenium-containing 
nickel superalloy article 50 and a MCrAlY, or chromium, 
coating 56 on the barrier coating 54. The barrier coating 
54 comprises an alloy having a similar composition to 
the high rhenium-containing superalloy article 50. How- 
ever, the alloy of the barrier coating 54 has a lower rhe- 
nium content than the high rhenium^ontaining superal- 
loy article 50. 

[0054] It is believed that the provision of a barrier coat- 
ing 54 having a similar composition to the high rhenium- 
containing superalloy article 50 between the high rhe- 
nium-containing superalloy article 50 and the MCrAlY, 
or chromium, coating 56 reduces the diffusion of ele- 
ments between the MCrAlY, or chromium, coating 56 
and the high rhenium-containing superalloy article 50 
The barrier coating 54 and the high rhenium-containing 
superalloy article 50 have similar compositions, there- 
fore there will be very little diffusion of e lements between 
the two, particularly rhenium from the high rhenium-con- 
taining superalloy article 50 to the barrier coating 54 
The barrier coating 54 has a lower content of rhenium 
and does not form TCP phases with the MCrAlY, or chro- 
mium, coating 56. The barrier coating 54 therefore min- 
imises the formation of TCP phases in the high rhenium- 
containing superalloy article 50. 
[0055] The barrier coating 54 is deposited on the high 
rhenium-containing superalloy article 50 by argon 
shrouded plasma spraying or by air plasma spraying 
The barrier coating 54 is deposited to a thickness of 
about 125 micrometers. 

[0056] The MCrAlY coating 56 is deposited on the 
barrier coating 54 by argon shrouded plasma spraying, 
air plasma spraying or physical vapour deposition and 
is heat treated to diffuse the MCrAlY into the barrier 
coating 54. The MCrAlY is deposited to a thickness of 
about 75 micrometers. The MCrAlY is heat treated at a 
temperature greater than 1000°C, for example 1 hour 
at 1120°C followed by gas fan quenching and ageing for 
24 hours at 845°C. 

[0057] The chromium coating 56 is deposited on the 
barrier coating 54 by vapour or pack chromising at 
1 1 00°C for 5 hours to diffuse the chromium into the bar- 
rier coating 54. The chromium diffuses into the barrier 
coating to a depth of about 75 micrometers to form the 
chromium coating 56. 

[0058] In tests we have deposited an aluminide-sili- 
cide coating containing a plurality of bands rich in silicon 
and a plurality of bands rich in aluminium with the silicon 
rich bands and aluminium rich bands arranged alter- 
nately through the depth of the aluminide-silicide coat- 
ing onto a high rhenium-containing nickel based single 
crystal superalloy article, for example CMSX10, and 
found that TCP phases are formed at the interface with 
the superalloy article. CMSX1 0 is produced by the Can- 
non-Muskegon Corporation of 2875 Lincoln Street 
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Muskegon, Michigan, MMR3-0506, USA. CMSX10 
has a nominal composffion of 1.5-9.0wt% Co 
1.8-4.0wt% Cr, 0.25-2.0wt% Mo, 3.5-7.5wt% W,' 
7.0-1 0.0wt% Ta, 5.0-7.0wt% Al, 0.1-1.2wt% Ti' 
0-0.15wt% Hf, 5.0-7.0wt% Re, 0-0.5wt% Nb, 0-0.04 C 
and balance Ni. 

[0059] In tests we have deposited a platinum alumi- 
nide-silicide coating onto a high rhenium-containing 
nickel based single crystal superalloy article, for exam- 
ple CMSX1 0, and found that TCP phases are formed at 
the interface with the superalloy article. 
[0060] In tests we have deposited a platinum alumi- 
nide coating onto a high rhenium-containing nickel 
based single crystal superalloy article, for example 
CMSX1 0, and found that TCP phases are formed at the 
interface with the superalloy article. 
[0061] In tests we have deposited a MCrAlY coating 
onto a high rhenium-contain ing nickel based single crys- 
tal superalloy article, for example CMSX10, and found 
that TCP phases are formed at the interface with the 
superalloy article. 

[0062] In tests we have deposited a chromium coating 
onto a high rhenium-containing nickel based single crys- 
tal superalloy article, for example CMSX10, and found 
that TCP phases are formed at the interface with the 
superalloy article. 

[0063] In tests we have deposited a platinum alumi- 
nide-silicide coating onto a nickel based superalloy ar- 
ticle containing no rhenium, for example MAR-M002, 
and found that no TCP phases are formed at the inter- 
face with the superalloy article. MAR-M002 is produced 
by the Martin- Marietta Corporation of Bethesda, Mary- 
land, USA. MAR-M002 has a nominal composition of 
10wt% Co, 9wt% Cr, 10wt% W, 2.5wt% Ta, 5 5wt% Al 
1.5wt% Ti, l.5wt% Hf, 0.15wt% C and balance Ni. 
[0064] In tests we have deposited a platinum alumi- 
nide coating onto MAR-M002 and found that no TCP 
phases are formed at the interface with the superallov 
article. 3 

[0065] In tests we have deposited an aluminide-sili- 
cide coating onto MAR-M002 and found that no TCP 
phases are formed at the interface with the superallov 
article. y 

[0066] In tests we have deposited a MCrAlY coating 
onto MAR-M002 and found that no TCP phases are 
formed at the interface with the superalloy article. 
[0067] In tests we have deposited an aluminide-sili- 
cide coating containing a plurality of bands rich in silicon 
and a plurality of bands rich in aluminium with the silicon 
rich bands and aluminium rich bands arranged alter- 
nately through the depth of the aluminide-silicide coat- 
ing onto a low rhenium-containing nickel based single 
crystal superalloy article, for example CMSX4 and 
found that no TCP phases are formed at the interface 
with the superalloy article. CMSX4 is produced by the 
Cannon-Muskegon Corporation of 2875 Lincoln Street, 
Muskegon, Michigan, Ml 49433-0506, USA. CMSX4 
has a nominal composition of 9.3 to 10.0wt% Co, 
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6.4-6.8wt% Cr, 0.5-0.7w^Htlo, 6.2-6.6wt% 
6.3-6.7wt% Ta, 5.45-5.75^% Al, 0.8-1. 2wt% 
0.07-0. 12wt% Hf, 2.8-3.2wt% Re and balance Ni. 
[0068] In tests we have deposited a platinum alumi- 
nide-silicide coating onto a low rhenium-containing nick- 
el based single crystal superalloy article, for example 
CMSX4, and found that no TCP phases are formed at 
the interface with the superalioy article. 
[0069] In tests we have deposited a platinum alumi- 
nide coating onto a low rhenium-containing nickel based 
single crystal superalloy article, for example CMSX4, 
and found that no TCP phases are formed at the inter- 
face with the superalloy article. 
[0070] In tests we have deposited a MCrAlY coating 
onto a low rhenium-containing nickel based single crys- 
tal superalloy article, for example CMSX4, and found 
that no TCP phases are formed at the interface with the 
superalloy article. 

[0071] In tests we have deposited a chromium coating 
onto a low rhenium-containing nickel based single crys- 
tal superalloy article, for example CMSX4, and found 
that no TCP phases are formed at the interface with the 
superalloy article. 

[0072] The invention proposes that the barrier coating 
comprises the use of low rhenium-containing alloys with 
similar composition to the high rhenium-containing su- 
peralloy article. The invention also proposes the use of 
alloys containing no rhenium but with similar composi- 
tions to the high rhenium-containing superalloy article. 
The use of low rhenium-containing alloys is preferred 
because this will minimise any diffusion of rhenium from 
the superalloy article into the barrier coating. 
[0073] Thus for example the high rhenium-containing 
superalloy article in figures 1 to 5 comprises CMSX10, 
the barrier coating preferably comprises CMSX4, but 
may comprise MAR-M002. It is clear to a person skilled 
in the art that other suitable low-rhenium containing al- 
loys, or no rhenium-containing alloys, may be used. It is 
preferred that the alloy of the barrier coating has a sim- 
ilar composition to the superalloy article to minimise in- 
terdiff usion of elements between the barrier coating and 
the superalloy article to minimise the possibility of for- 
mation of TCP phases. It is also clear that other high 
rhenium-containing superalloy articles may be used and 
that the barrier coating is selected accordingly. 
[0074] The high rhenium-containing superalloy arti- 
cles are preferably high rhenium-containing nickel 
based superalloy articles, and are preferably high rhe- 
nium- containing nickel based single crystal superalloy 
articles, but they may be any high rhenium-containing 
superalloy article which suffers from the formation of 
TCP phases. The superalloy article may be a gas tur- 
bine turbine blade or a turbine vane or any other super- 
alloy article which requires an aluminide coating. 
[0075] The invention is also applicable to other alu- 
minising processes, chromising processes and other 
protective coatings where TCP phases are formed. 
[0076] The high rhenium-containing superalloy arti- 
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cles comprise mor^^i 4wt% rhenium. The low rhe- 
nium-containing alloys comprise less than 4wt% rhe- 
nium. 

[0077] It is essential that the thickness of the barrier 

s coating as deposited is greater than the depth of diffu- 
sion of the aluminide coating so that there is always a 
portion of the barrier coating without any aluminide coat- 
ing between the aluminide coating and the high rhe- 
nium-containing superalloy article. 

10 [0078] Other suitable barrier coating alloys include I N- 
792 and lN-738. IN-738 typically comprises 16wt% Cr, 
8.5wt% Co, 3.45wt% Al, 3.45wt% Ti, 2.6wt% W, 1 .7wt% 
Mo, 1.0wt% Ta, 0.8wt% Nb and the balance is Ni plus 
incidental impurities. lN-792 typically comprises 

15 1 2.5wt% Cr, 9wt% Co, 4.2wt% W, 4.2wt% Ta, 4wt% Ti, 
3.4wt% Al, 1.9wt% Mo and the balance is Ni plus inci- 
dental impurities. These barrier coating alloys do not 
form TCP phases when aluminised, platinum alu- 
minised, silicon aluminised etc. 

20 [0079] In tests we have deposited MCrAlY coatings, 
aluminide coatings, platinum aluminide coatings, alumi- 
nide-silicide coatings on I N-792 and IN-738 and no TCP 
phases have been formed. 

[0080] It is also possible to use barrier coatings com- 

25 prising MCrAlY alloys which are tailored to minimise the 
possibility of the formation of TCP phases in the super- 
alloy article. The MCrAlY alloys are tailored by adjusting 
their chromium content such that the MCrAlY comprises 
up to 1 6wt% Cr and up to 1 0wt% Al. 

30 [0081] It has also been observed that when the high 
rhenium-containing nickel superalloy articles have been 
aluminised and the TCP phases form, there is an inter- 
phase material between the needles of the TCP phases. 
The interphase material comprises a nickel alloy which 

35 is very stable and which exists in close proximity to the 
TCP phases. The interphase material may be analysed 
to determine the composition of the alloy and a barrier 
coating of this composition may be deposited on to the 
superalloy article. 

40 [0082] The barrier coating comprises any alloy which 
comprises less than 4wt% rhenium, up to 10wt% alu- 
minium and up to 16wt% chromium so that the barrier 
coating itself does not form TCP phases in the superal- 
loy article. Preferably the barrier coating comprises less 

45 than 10wt% aluminium and less than 10wt% chromium 
so that the barrier coating itself does not form TCP phas- 
es in the superalloy article. 

[0083] It is believed that high aluminium content pro- 
tective coatings, for example aluminide coatings, have 

50 an indirect effect on the formation of TCP phases. The 
aluminium causes the nickel in the superalloy article to 
diffuse to the aluminium to form nickel aluminide inter- 
metallics. However, the heavy metal elements, including 
rhenium, are not absorbed into the nickel aluminide but 

55 instead segregate to form intermetallics which lead to 
the formation of the TCP phases. It is believed that the 
high chromium content protective coatings, for example 
MCrAlY and chromium coatings,. have a direct effect on 
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to the formation of the TCP phases 



EP 0 921 209 A2 



14 



coating (44), simul^Pusly dtffusing aluminium 
and silicon from theTnolten state into the barrier 
coating (44) on the high rhenium-containing super- 
alloy article (40). 

8. A method as claimed in claim 4 wherein the depos- 
iting of the protective coating (36) comprises depos- 
iting platinum onto the barrier coating (34) on the 
high rhenium-containing superalloy article (30), 
heat treating to diffuse the platinum into the barrier 
coating (34), diffusing aluminium into the barrier 
coating (34) on the high rhenium-containing super- 
alloy article (30). 

9. A method as claimed in claim 7 or claim 8 compris- 
ing depositing the platinum by electroplating. 

10. A method as claimed in claim 7, claim 8 or claim 9 
comprising heat treating the platinum at a temper- 
ature greater than 1 000°C. 

11. A method as claimed in claim 10 comprising heat 
treating the platinum at a temperature of 1 1 20°C for 
1 to 2 hours to diffuse the platinum. 

12. A method as claimed in any of claims 7 to 11 com- 
prising depositing the platinum to a thickness be- 
tween 5 and 15 microns. 

13. A method as claimed in any of claims 3 to 1 2 com- 
prising aluminising at a temperature in the range 
850°C to 950°C. 



Claims 

1 . A method of coating a high rhenium-containing su- 
peralloy article (10), the superalloy article (10) com- 
prising more than 4wt% rhenium, comprising the 10 
steps of:- 

depositing a protective coating (16) on the 
high rhenium-containing superalloy article (10), 
characterised by applying a barrier coating (14) on 
the high rhenium-containing superalloy article (10) is 
before depositing the protective coating (16) on the 
high rhenium-containing superalloy article (10), the 
barrier coating (14) comprising an alloy having a 
lower rhenium content than the high rhenium-con- 
taining superalloy article (1 0) to reduce the forma- 20 
tion of TCP phases in the high rhenium-containing 
superalloy article (10). 

2. A method as claimed in claim 1 wherein the depos- 
iting of the protective coating (16) comprises depos- 25 
iting an MCrAlY coating (14) on the barrier coating, 
where M comprises at least one of Ni, Co and Fe.' 

3. A method as claimed in claim 1 wherein the depos- 
iting of the protective coating (1 6) comprises depos- 30 
iting an aluminide coating (16) on the barrier coatinq 
(14). 



4. A method as claimed in claim 3 wherein the depos- 
iting of the protective coating (26,36,46) comprises 
depositing an aluminide-silicide coating (36), a plat- 
inum aluminide-silicide coating (46) or a platinum 
aluminide coating (26). 

5. A method as claimed in claim 4 wherein the depos- 
iting of the protective coating (36,46) comprises si- 
multaneously diffusing aluminium and silicon from 
the molten state into the barrier coating (34,44) on 
the high rhenium-containing superalloy article 
(30,40). 

6. A method as claimed in claim 4 wherein the depos- 
iting of the protective coating (36,46) comprises de- 
positing silicon and then depositing aluminium and 
diffusing the aluminium and silicon into the barrier 
coating (34,44) on the high rhenium-containing su- 
peralloy article (30,40). 

7. A method as claimed in claim 4 wherein the depos- 
iting of the protective coating (46) comprises depos- 
iting platinum onto the barrier coating (44) on the 
high rhenium-containing superalloy article (40), 
heat treating to diffuse the platinum into the barrier 



14. A method as claimed in claim 4, claim 5, claim 6 or 
3S claim 7 comprising diffusing the aluminium and sil- 
icon into the barrier coating (34,44) at a temperature 
in the range 750°C to 1 1 20°C. 

15. A method as claimed in any of claims 1 to 14 where- 
to in the depositing of the barrier coating (1 4) compris- 
es depositing an alloy having a similar composition 
to the superalloy article (10). 

1 6. A method as claimed in any of claims 1 to 1 5 where- 
as in the depositing of the barrier coating (1 4) compris- 
es depositing an alloy comprising less than 4wt% 
rhenium. 

17. A method as claimed in claim 16 wherein the alloy 
50 comprises 9.3 to 10.0wt% Co, 6.4-6.8wt% Cr, 

0.5-0.7wt% Mo, 6.2-6.6wt% W, 6.3-6.7wt% la, 
5.45-5.75wt% Al, 0.8-1. 2wt% Ti, 0.07-0. 12wt% Hf' 
2.8-3.2wt% Re and balance Ni. 

55 18. A method as claimed in claim 16 wherein the alloy 
comprises 10wt% Co, 9wt% Cr, 10wt% W, 2.5wt% 
Ta, 5.5wt% Al, 1.5wt% Ti, 1.5wt% Hf, 0.15wt% C 
and balance Ni. 



15 



EP 0 921 209 A2 



1 9. A method as claimed inV^Hf claims 1 to 1 8 where- 
in the superalloy substrate (10) comprises 
1.5-9.0wt% Co, 1.8-4.0wt% Cr, 0.25-2.0wt% Mo, 
3.5-7.5wt% W, 7.0-1 0.0wt% Ta, 5.0-7.0wt% Al, 
0.1-1.2wt% Ti, 0-0.15wt% Hf, 5.0-7.0wt% Re, 
0-0.5wt% Nb, 0-0.04 C and balance Ni. 

20. A method as claimed in any of claims 1 to 19 com- 
prising depositing the barrier coating (14) by plasma 
spraying. 

'21 . A coated high rhenium-containing superalloy article 
(10), the superalloy article (10) comprising more 
than 4wt% rhenium, and a protective coating (16) 
on the high rhenium-containing superalloy article 
(10), characterised by a barrier coating (14) be- 
tween the protective coating (16) and the high rhe- 
- nium-containing superalloy article (10, the barrier 
coating (14) comprising an alloy having a lower rhe- 
nium content than the high rhenium-containing su- 
peralloy article (10) to reduce the formation of TCP 
phases in the high rhenium-containing superalloy 
article (10). 

22. A coated superalloy article as claimed in claim 21 
wherein the protective coating (16) comprises a 
MCrAlY coating, where M is at least one of Ni, Co 
and Fe. 
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29. A coated supd^^^ article as claimed in claim 27 
wherein the alloy comprises 10wt% Co, 9wt% Cr, 
1 0wt% W, 2.5wt% Ta, 5.5wt% Al, 1 .5wt% Ti, 1 .5wt% 
Hf, 0.15wt% C and balance Ni. 

30. A coated superalloy substrate as claimed in any of 
claims 21 to 29 wherein the high rhenium-contain- 
ing, superalloy article (10) is a nickel based super- 
alloy article or a cobalt based superalloy article. 

31. A coated superalloy substrate as claimed in claim 
30 wherein the high rhenium-containing superalloy 
article (10) is a single crystal superalloy article. 



is 32. A coated superalloy article as claimed in any of 
claims 21 to 31, claim 30 or claim 31 wherein the 
superalloy substrate comprises 1.5-9.0wt% Co, 
1.8-4.0wt% Cr,0.25-2.0wt% Mo, 3.5-7.5wt% W, 
7.0-1 0.0wt% Ta, 5.0-7.0wt% Al, 0.1-1.2wt% Ti, 

20 0-0.15wt% Hf, 5.0-7.0wt% Re, 0-0.5wt% Nb, 0-0.04 
C and balance Ni. 

33. A coated superalloy substrate as claimed in any of 
claims 21 to 32 wherein the high rhenium-contain- 
25 ing superalloy article (10) is a turbine blade or a tur- 
bine vane. 



23. A coated superalloy article as claimed in claim 21 
wherein the protective coating (16) comprises an 
aluminide coating. 
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24. A coated superalloy article as claimed in claim 21 
wherein the protective coating comprises an alumi- 
nide-silicide coating (36), a platinum aluminide-sili- 
cide coating (46) or a platinum aluminide coating 
(26), 
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25. A coated superalloy article as claimed in any of 40 
claims 21 to 24 wherein the barrier coating (14) 
comprises an alloy having a similar composition to 
the superalloy article (10). 



26. A coated superalloy article as claimed in any of 45 
claims 21 to 25 wherein the barrier coating (14) 
comprises an alloy having less than 4wt% rhenium. 

27. A coated superalloy article as claimed in claim 26 
wherein the barrier coating (10) comprises an alloy so 
having up to 1 6wt% chromium and up to 1 0wt% alu- 
minium. 



28. A coated superalloy article as claimed in claim 27 
wherein the alloy comprises 9.3 to 10.0wt% Co, ss 
6.4-6.8wt% Cr, 0.5-0.7wt% Mo, 6.2-6.6wt% W, 
6.3-6.7wt% Ta, 5.45-5.75wt% Al, 0.8-1 .2wt% Ti, 
0.07-0.1 2wt% Hf, 2.8-3.2wt% Re and balance Ni. 



EP 0 921 209 A2 




Fig.2. 



EP 0 921 209 A2 




THIS PAGE BLANKS 



